Breasts are secondary sexual characteristics of female gender and have many anatomic variations with respect to volume, width, length, projection, density, composition, shape, and placement on the chest wall. In addition, changes in the shape of the body and the extremities can affect the shape or location of the breasts. Specifically, changes in breast shape and dimension during adolescence and early adulthood are caused by hormonal changes. The final shape of the adult breast results after three to four years of increased hormonal activity. The shape of the breast in an adult woman is conical for those who are nulliparous and may become ptotic after breastfeeding. Size, stiffness, and nodularity of the breast in an adult woman may change with weight, menstrual period, gestation, and lactation.
The main problem in the objective assessment of breast morphology is the absence of a standard protocol. The definition of an ideal breast varies; however, some specific criteria are universally accepted. Proportional size with respect to the body, absence of ptosis, tear-drop shape, and anteriorly placed nipples are some of the characteristics of an aesthetic breast. 3 The main goal of aesthetic and reconstructive breast surgery is to achieve these characteristics. Anthropometry of the breast is aimed at obtaining objective results for some universal reference points and parameters in different communities. Studies performed using these common points have revealed that there are some differences between races.
The goal of the present study was to measure the descriptive indices of the breast, to determine the average values of breast parameters, and to calculate the volume of the breasts in undergraduate female students attending Trakya University in Turkey. An additional goal was to obtain data on breast ptosis, asymmetry rates, and incidence of retracted nipple. The values obtained for the breasts of young women in this study may be used as ideal augmentation and reduction values in aesthetic breast surgery. These values are important for comparison with the anthropometric parameters obtained from different races.
METHODS
The present study was approved by the Local Ethics Committee of our University Medical Faculty and carried out at the Plastic and Reconstructive Surgery Department of the university. All participants signed an informed consent form. All of the students were nulliparous and between the ages of 18 and 26 years. Necessary conditions for inclusion into this study were the absence of chest deformity or any health problems, normal physical development, and a body mass index (BMI) of 20 to 25 kg/m 2 . The measurements were obtained during the follicular phase of the menstrual cycle, with the participants in the anatomic position: body erect, arms at the sides, and palms forward. Millimeters, pelvimeters, weighing machines (maximum 150 kg), roll-measures, and rulers were used during assessment. A total of 19 parameters were measured by selecting a number of anthropological points ( Figure 1 ). The measurements were performed according to the definitions of Hall et al. 4 The measured parameters were the following: body weight, height, shoulder width (AA), upper chest width (CC1), middle chest width (CC2), lower chest width (CC3), waist width (LC), hip width (BC), clavicle-nipple length (CNL), sternal notch-nipple length (SNL), nipple-nipple length (AIM), upper arm length (HL), medial mammary radius (MR), lateral mammary radius (LR), nipple-inframammary fold length (IR), nipple diameter (ND), areola diameter (AD), nipple projection (NP), and mammary projection (MP). BMI was calculated using the height and weight measure-
).
Evaluation of the Breasts for Ptosis
The participants were evaluated for breast ptosis according to Regnault's classification system. 5, 6 For an ideal breast appearance, the nipple should be approximately 2 cm above the inframammary fold (grade 0). For grade 1 (mild) ptosis, the nipple is at the level of the inframammary fold (or approximately 1 cm below it). In grade 2 (moderate) ptosis, the nipple is approximately 1 to 3 cm below the inframammary fold. In grade 3 (severe) ptosis, the nipple is approximately 3 cm or more below the inframammary fold. If the nipple is at a level higher than 3 cm above the inframammary fold or the lower pole of the breast is located much below the fold, the placement is called pseudoptosis 5, 6 ( Figure 2 ).
Calculation of Breast Volume
Breast volume (mammary volume [MV]) was calculated according to the following formula defined by Qiao et al, 7 inserting the measured MR, LR, and IR values for each participant:
Statistical Analysis
The measured values were expressed as mean ± standard deviation (SD). Normal distribution was tested with the one-sample Kolmogorov-Smirnov test (K-S test). The Wilcoxon t test was employed to compare the right and left breasts, as the variables were not normally distributed. The association between variables was assessed with 
RESULTS
This study was performed on 385 young female undergraduate student volunteers. The data from six participants were excluded from the study because of extreme values of more than ± 3 SD. Height, weight, AA, CC1, CC2, CC3, LC, BC, AIM, HL, SNL, CNL, MR, LR, IR, MP, AD, ND, and NP measurements for each breast were obtained. The mean age of participants was 19.6 ± 1.6, and the mean menarche age was 13.2 ± 1.2. Mean BMI was calculated as 21.6 ± 1.6. The mean values of the body and breast measurements are presented in Table 1 . The CNL, SNL, and LR values of the left breast were significantly higher than those of the right breast (P < .001). In contrast, the IR (P < .001), MP (P < .001), MV (P < .001), and ND (P = .007) values of the right breast were significantly higher than those of the left breast. There was no significant difference between the MR, AD, NP, and HL values of the right and left breasts (P > .05). Comparison of the mean values of the right and left breast measurements is given in Table 2 .
The volume of each breast was calculated. In 222 of 379 women, the volume of right and left breasts was equal. Among the women who had different breast volumes on each side, the right breast volume was greater in 108 and the left breast volume was greater in 49. The mean right and left breast volumes were 415.2 ± 264.5 cc and 399.1 ± 269.5 cc, respectively. The mean right breast volume was significantly greater than the mean left breast volume (P < .001).
A positive correlation was found between the mean breast volume and BMI, weight, CC1, CC2, CC3, LC, BC, SNL, CNL, MR, LR, IR, MP, NP, AD, HL, and ptosis. In contrast, there was no correlation between the mean breast volume and menarche, height, or ND. The correlation of the parameters that affect breast volume is shown in Table 3 .
Right and left breast projection values were also evaluated, and positive correlations were found between breast projection and right and left breast volume, respectively (r = 0.980, P < .001; r = 0.982, P < .001; Figures 3 and 4) .
Ptosis absence was observed in the right breast of 54.1% and the left breast of 54.4% of the 379 participants. Grade 1 (mild) ptosis was observed in the right breast of 27.4% of the participants and in the left breast of 26.6% of the participants. Rates for different ptosis grades are shown in Table 4 . There was no statistically significant difference between the ptosis rates of the right and left breasts (P = .997). Participants were also evaluated with respect to nipple retraction rates. If there was no nipple projection, the nipple was considered to be retracted. Among the participants, 2.6 (n = 10) had retracted nipples, with 60% being bilateral and 40% unilateral.
A total of 35.1% (n = 133) of the participants whose breast volumes were equal on both sides and who demonstrated no ptosis were considered to have ideal breasts.
DISCUSSION
A limited number of studies have been performed on breast anthropometry. The volume, composition, and location of the breast on the chest wall vary greatly. The body and extremities are also important factors affecting the appearance of the breasts. One of the most important problems in the evaluation of breast morphology is the absence of a standard protocol. We sought to establish a protocol for breast anthropometry in young women. For this purpose, breast volume and its relation to different parameters was investigated in addition to breast asymmetry and ptosis rates. Knowledge about the important parameters of breast anthropometry enables the surgeons to plan and manipulate the reconstructive or aesthetic surgeries of the breast more easily. 1, 8 In 1955, Penn 9 studied the breast landmarks on 20 female models aged 18 to 39 years with ideal breasts. In 1986, Smith et al 10 collected 55 cases through newspaper advertisements and made volume measurements using the gypsum casting technique. In 1997, Westreich 3 studied 50 women with ideal breasts; the selection criteria were defined as the absence of ptosis and no requirement for surgery. In 1999, Brown et al 11 studied 60 women and emphasized the criterion of the average breast instead of the ideal breast. In 2002, Vandeput and Nelissen 12 performed anthropometric measurements on 973 women. They selected women with near-ideal breast characteristics and noted the absence of ptosis in their evaluation. The defined measurements and proportions based on these studies have made a significant contribution to the science of aesthetic and reconstructive plastic surgery.
In some anthropometric studies, breast volume was directly obtained by replacement methods. 10, 13 In the others, it was indirectly calculated by an expression obtained from linear. 7, 14, 15 In both methods, the breast was measured as a cone located on the chest wall, and a clear result could not be obtained. We performed our volume measurements with a linear method. To establish a correlation between breast volume and linear variables, we investigated different parameters. The factor of age was omitted because it is not a linear variable. In previous studies, breast length and width and the length of the inframammary fold were correlated with breast volume. 1, 10, 12 In our study, a positive correlation was found between breast volume and BMI, CC1, CC2, CC3, LC, BC, CNL, MR, LR, MP, and NP (P < .001).
Weight significantly affects the morphometric results. With increases in weight, the medial portion of the breast stays suspended, but the lateral portion moves inferolaterally. 11 Recent studies on the relationship between breast morphology and changes in weight and height have reported conflicting results. Vandeput and Nelissen 12 reported that breast volume was independent of weight and chest diameter. However, in Westreich's study, 3 breast volume was found to increase by 20 mL for each kilogram of weight gain above the ideal weight. Our study likewise found a positive correlation between breast volume and weight (P < .001). A negative correlation was found between height and breast volume in Westreich's study. 3 There was no relation between height and morphometric parameters of the breast, according to Brown et al. 11 Similar results were obtained in our study, as no significant correlation was found between height and breast volume (P = .712).
The mean areolar diameter was 33.2 mm in the study by Qiao et al, 7 which was performed on Asian women. In the study of Brown et al 11 on Caucasian women, it was 50 mm for the right breast and 49 mm for the left. In our study, the mean areolar diameter was 36 ± 9 mm for both right and left breasts. As in the study by Westreich, 3 a positive correlation was found between breast volume and areolar diameter in our study (P < .001).
Our results are similar to Westreich's results 3 with respect to SNL values and a significant positive correlation between breast volume and SNL values. The mean SNL value was 18.59 cm in Westreich's study 3 and 20.63 cm in Penn's study. 9 In our study, the mean SNL value was 19.6 cm; the values for the right and left breasts were 19.6 ± 2.2 cm and 19.7 ± 2.2 cm, respectively. The SNL value of the left breast was significantly higher than that of the right breast (P < .001).
The mean IR value was 6.95 cm in Westreich's study, 3 with a mean breast volume of 282 cc. The mean IR value was 6.74 cm in Penn's study, 9 6.46 cm in the study by Smith et al, 10 and 6.94 cm in the study by Vandeput and Nelissen. 12 In our study, the mean IR value was 8.3 cm, with a mean breast volume of 407.2 cc, and there was a statistically significant positive correlation between breast volume and IR.
In the study by Westreich, 3 the left breast was larger than the right breast. In our study, however, the right breast volume was greater. Right breast volume was 415.2 ± 264.5 cc, and left breast volume was 399.1 ± 269.5 cc. Statistical evaluation revealed that right breast volume was significantly greater than left breast volume (P < .001).
In breast ptosis, the nipple and the vertical components of the breast move inferolaterally. The position of the nipple varies in relation to the midclavicular and midhumeral lines. 16 According to Brown et al, 11 the lowest point of the inframammary fold is a better indicator for nipple location. We evaluated breast ptosis for right and left breasts separately. Overall, 54.1% and 54.4% of the nipples were in ideal position for the right and left breasts, respectively. Pseudoptosis rates were 1.1% for the right breast and 1.3% for the left breast. There was a positive correlation between volume of the breast and ptosis. In our study, 54.1% of the women had no ptosis on both sides.
The retracted nipple rate was 3.26% in the study by Park et al 17 on 1625 unmarried women aged 19 to 26 years. The retraction was bilateral in 87% of these women and unilateral in the remaining 13%. Our rate was somewhat lower than that reported by Park et al: 2.6% (n = 10) in 379 women, of which 60% were bilateral and 40% were unilateral.
CONCLUSIONS
Contrary to previous reports, in our study, right breast volume was higher than left breast volume. Overall, 35.1% of the women were observed to have equal breast volume without ptosis. These women were considered to have an ideal breast appearance.
The results of anthropometric studies such as ours will help in the assessment of applicants for breast reconstruction, breast augmentation, and breast reduction. They may also be useful in designing breast wear and augmentation accessories.
